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Indian Standard 

RECOMMENDED TEST METHODS FOR 

DETERMINING THE RELATIVE RESISTANCE OF 

INSULATING MATERIALS TO BREAKDOWN 

BY SURFACE DISCHARGES 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards 
Institution on 30 October 1984, after the draft finalized by the Solid 
Electrical Insulating Materials Sectional Committee had been approved 
by the Electrotechnical Division Council. 

0.2 This standard covers test methods to assess the relative resistance of 
solid insulating materials to breakdown when exposed to partial surface 
discharges at stresses and frequencies used in industrial service. 

0.3 In the preparation of this standard, assistance has been derived from 
IEC Pub 343-1970. Recommended test methods for determining the 
relative resistance of insulating materials to breakdown by surface 
discharges issued by the International Electrotechnical Commission. 

0.4 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, 
expressing the result of a test or analysis, shall be rounded off in 
accordance with IS : 2-1960*. The number of significant places retained 
in the rounded off" value should be the same as that of the specified value 
in this standard. 



1. SCOPE 

1.1 The method of test cove rs procedure to assess the relative resistance 
of solid insulating materials to breakdown when exposed to partial 
su rface discharge at stresses and frequencies used in industrial service. 

2. OBJECT AND PRINCIPLES OF TEST 

2.1 The insulation of equipment and components operating at low 
voltage is often subjected to electrical discharges which can cause various 
forms of ageing and eventual failure. 



•Rules for rounding off numerical values ( revised). 
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The type and rate of deterioration and the reduction of life time 
due to discharges depend on the chemical and thermal stability of the 
insulation, the applied stress and the ambient temperature and humidity. 
Thus it should be noted that tests carried out on individual materials do 
not give sufficient information about the behaviour of insulation systems 
and structure in which they are incorporated and functional tests need to 
be devised for such purposes. 

Tests of short duration, such as recommended by standard methods 
of test for electric strength of insulating materials at power frequencies 
assess the ability of materials to withstand high stresses such as may be 
applied during ac over-voltage tests on equipment. In such tests 
breakdown is usually caused by the propagation of discharge channels 
through the material or by thermal instability but the results are little 
affected by other forms of degradation by discharges, for example, 
erosion or chemical degradation which cause progressive deterioration at 
much lower stresses. Tests are, therefore, required which will assess the 
resistance of materials to discharges at the stresses used in industrial 
service. 

It would be desirable to assess the relative discharge resistance of 
materials from changes in their electrical or mechanical characteristics 
after a fairly short exposure to discharges. Tests of this type are being 
investigated. However, deterioration does not usually progress uniformly 
throughout the life of insulation, so that the initial changes which are 
observed during tests of short duration may give a misleading assessment 
of the relative lives of materials. 

The life of materials exposed to discharges at a given stress may 
vary with sample thickness. It is, therefore, recommended that the 
relative discharge or materials should be assessed by comparing the 
average life of specimens of similar thickness when exposed to discharges 
under standardized conditions. 

As life test at normal service stresses are usually very protracted at 
power frequencies, it is convenient to accelerate them by raising the test 
frequency. The equivalent life at power frequency is then calculated as 

(life at test frequency ) ~,^—^ — ^S^^H- . However two forms of error 

^ ( power frequency ) 

may arise when the frequency is raised: 

a) If the frequency is too high, cumulative heating may cause rapid 
thermal breakdown so that life calculated from measurements 
at a higher frequency will be shorter than measured life at 
power frequency. 

b) Conducting surface layers which occur at power frequency form 
more rapidly at higher frequencies, affecting the rate of 

4 
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chemical degradation and the discharge characteristics and 
often causing periodic or complete extinction of the discharges; 
the life corrected for power frequency may then be much greater 
than in the case of a real measurement at power frequency. 
For a complete assessment of materials, it would be necessary 
to determine their resistance to breakdown by both surface and 
internal discharges. Initial assessment of materials can be made 
more conveniently in the presence of surface discharges than 
with internal discharges. 

2.2 Simple means are required for assessing the relative resistance of 
solid insulating materials to breakdown when exposed to partial 
discharges at stresses and frequencies such as used in industrial service. 

Experience shows that life tests, taking as a criterion the complete 
puncture of the material in the presence of surface discharges from 
several types of electrode, provide a simitar and reproducible 
classification of materials, provided that dry air is circulated during test . 
The electrodes recommended are therefore chosen to best satisfy the 
following requirements: 

a) Simplicity and minimum cost of electrodes, and supports and 
ease of mounting specimens. 

b) Conveniently low capacitance of the test specimens so that 
excessive power is not required for frequency accelerated life 
tests. 

c) The area of specimen which is subjected to discharges should be 
as large as possible relative to the total area of the specimen. 

d) The shape of the electrode, and thus the discharge 
characteristics should not change appreciably during prolonged 
tests. Thus, pointed or sharp-edged electrodes should not be 
used. 

e) The discharge inception stress, and the discharge energy at the 
test stress should be comparable with the values commonly 
found in service for the material concerned. 

f ) The tests should be possible on both sheets and films of insulation 
and a number of tests, to assess the uniformity of the material 
should be made on a quite limited area. 

g) It should be possible to subject the test specimen to mechanical 
strain while exposed to surface discharges, if such strain is 
characteristic of the intended use. 
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3. APPARATUS 

3.1 Test Electrodes — The test shall be made using a stainless steel 
cylindrical electrode ( see Note 1 ) and a plate electrode. These electrodes 
shall be as follows: 

a) Cylindrical Electrode — A cylinder of 6 ± 0'3 mm diameter with 
the sharp edge removed to leave a 1 mm radius. The mass of 
this electrode shall be approximately 30 g. It should be normal 
to the surface of the specimen and rest upon it. With soft 
materials, a gap not exceeding 100 nm between this electrode 
and the specimen is permitted to avoid possible mechanical 
damage. 

With very thin specimens ( thickness less than 100 Hm), it is 
convenient to introduce them between electrodes fixed 100 fim 
apart. 

b) Plate Electrode — A plate having an area greater than the area 
covered by discharges from the cylindrical electrodes at the test 
voltage. 

Note 1 — The precise grade oi' stainless steel for cylindrical electrode 
is not important, but the following is recommended: 



Carbon 


0'16 percent 




Nickel 


11-14 percent 


Silicon 


0'20 percent, 


Max 


Chromium 


1 1-14 percent 


Manganese 


2'00 percent, 


Max 







Note 2 — Tests may be made with one or several electrodes above the 
test sample. If several electrodes are used, the interelectrode separation 
should be sufficient to avoid interaction between the discharges from 
adjacent electrodes. The example of an electrode arrangement is shown in 
Fig. 1. 

c) High Voltage Source— Tests at 50 or 60 Hz shall be made using 
a high-voltage transformer, voltage regulator, circuit-breaker 
and voltmeter in accordance with IS : 2071 ( Part 2 )-1976*. 

Tests at higher frequencies may be made using either a 
motor generator and high-voltage transformer or an electronic 
generator with adequate power output. 

d) End Point Control Device — The life is little affected by short 
( minutes ) interruption of test voltage provided dry air is 
circulated over the test specimens, so that it is permissible, for 
failure at one electrode, to actuate a circuit-breaker to the test 
supply, and simultaneously to stop a clock recording the 



♦Methods of high voltage testing ; Part 2 Test procedures {first revision ). 
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direction of test. It is more convenient, however, to include a 
fuse or a circuit- breaker in series with each test electrode so that 
the test time for each specimen can be recorded. A suitable 
fusing arrangement consists of a thin ( 0'03 mm ) copper wire in 
series with the high-voltage electrode, stretched between a pin 
and the moving arm of a microswitch connecting a time 
measuring device. 

In no case should the impedance in series with each test 
specimen exceed 10 kQ. 

30D 
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Fig. 1 Example of General Arrangement of Electrodes 
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4. TEST SPECIMEN 

4.1 The specimen shall be of uniform thickness and of adequate area to 
avoid flashover. The upper surface of the specimen exposed to 
discharges should be free from contamination. 

To prevent small discharges between the specimen and the plate 
electrode it may be necessary to apply a conducting paint to the lower 
surface of the specimen. Care must, however, be taken to avoid paints 
or solvents which promote surface stress cracking or chemical deterioration 
of the specimen. 

When the conducting paint is likely to become absorbed by the 
material to be tested, aluminium foil 0025 mm thick and of the same 
size as the test specimen may be struck, with a suitable silicone grease, on 
the surface of the specimen in contact with the plate electrode. The 
amount of silicone grease to be used for this purpose should be minimum 
and it should have no harmful effect on the specimen due to chemical 
deterioration. 

If directed in the material specification, the specimen should be 
preconditioned before test in accordance with IS : 2260-1973*. 

Note — Special tests may be made on stacks of thin film materials; but the 
results are likely to be very different from tests with a single layer of the same 
insulation of equal thickness. 

5. AMBIENT CONDITIONS 

5.1 Tests shall normally be made at temperature 15° to 35°C in air dried 
to a relative humidity not exceeding 20 percent ( see Note ). The flow of 
air should be at least 0'5 //min per test electrode. 

Note — Relative humidity of 20 percent or less can be obtained by passing the 
air through a drying column containing a suitable desiccant such as CaCU. 2H a O. 

In particular cases, tests may be carried out in a medium other 
than air or at higher temperatures. Tests at elevated temperatures shall 
be made under the conditions recommended by IS : 2260-1973*. 

To avoid possible health hazard due to the production of active 
gases { for example O3 and NO a in air ) tests should be made in sealed 
containers with the dry air passing across the test specimens and then 
expelled outside the laboratory. 



♦Specification for preconditioning, conditioning and testing of solid electrical 
insulating materials {first revision ) . 
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6. TEST VOLTAGE 

6.1 Tests on New Materials — The variation of life with applied 
voltage shall be determined at a minimum of three voltages. 

The highest test voltage should be chosen to give a specimen life of 
not less than the equivalent of 100 h at power frequency. The lowest 
test voltage should be chosen to give a specimen life of not less than the 
equivalent of 5 000 h at power frequency. 

In the case of thin materials ( thickness less than 100 Mm ), it may 
be permissible to choose the lowest test voltage to give a life equivalent 
to 1 000 h at power frequency. 

6.2 Routine Acceptance Tests on Materials Which have 
Previously been Assessed — The life at frequency / Hz shall be 
determined at a voltage which is expected, from previous investigations 
on the material to cause failure in the equivalent of one year at power 
frequency. 

In the case of thin materials ( thickness less than 100 fim ), the test 
voltage should be chosen to give an expected life of 1 000 h at power 
frequency. 

6.3 Frequency and Waveform of the Testing Voltage — It is 

required to determine the life at power frequency (48 Hz to 62 Hz). 
If tests are made at a higher frequency, it is the responsibility of the 
laboratory concerned that the life of the test material varies inversely 
with frequency so that the equivalent life at 50 or 60 Hz may be 
calculated. 

The power or higher frequency voltage shall be approximately 
sinusoidal the crest_ factor ( ratio of peak value to rms value ) being within 
the limits of \/2 ± 5 percent. The test voltage shall not contain 
harmonics exceeding 5 percent in amplitude [ see IS : 2071 
(Part 2)-1976*]. 

7. REPORT 

The following information should be given: 

7.1 The test method, that is, whether the electrode is in contact with or 
related above the specimen. 

7.2 The test medium-air or other gas. 
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7.3 The method of preparing or forming the test specimens. 

7.4 Preconditioning of the material. 

7.5 The number of specimens. The test is carried out for each test 
voltage on at least nine specimens. These specimens may be tested 
simultaneously. 

7.6 The nominal and the average thickness determined in the 
neighbourhood of the test electrodes. 

7.7 The humidity and flow rate of gas passing through the test enclosure. 

7.8 The temperature and barometric pressure of the test enclosure. 

7.9 The test voltage and frequency. 

7.10 The average observed or calculated time to breakdown at each test 
voltage and voltage and standard deviation of this time, both referred 
to 50 or 60 Hz. The shortest observed time to breakdown. 

7.11 As the case may be, the nature and magnitude of the mechanical 
stress applied during testing. 

The results of tests on new materials should be presented 
graphically and should, if possible, be supplemented by details of the 
discharge inception voltage and discharge magnitude. 
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